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The details of the operative preparation, care, and maintenance of 
our colony of suprarenalectomized dogs were given in the preceding 
paper (1).  The effect of injections of suprarenal cortical extract upon 
intact, as well as upon suprarenalectomized animals was described, 
together with its power to revive the latter from a state of acute in- 
sufficiency.  It was pointed out that much of the work which has 
been done upon suprarenal function, as revealed by the effects of bi- 
lateral removal of the glands, is open to the serious objection that it 
was necessary to  make the studies on  animals which could hardly 
have recovered from the anesthesia and the effects of the necessarily 
severe operative procedures.  In many of the observations reported 
in the literature moribund animals have undoubtedly been employed. 
The present experiments were carded out on animals maintained after 
operation  in  an  active  healthy  condition  with  adequate  amounts 
of cortical extract.  The body weight had returned to the level present 
at the time of the first operation, and in many instances the state of 
nutrition had even improved.  The studies were usually carded out 
several weeks after complete healing of the operative wounds.  The 
sole variable factor therefore was the cessation of the daily injections 
of the cortical extract.  No anesthesia was used in any of the experi- 
mental procedures to  be  recorded in this paper.  We have discon- 
tinued the use of ether in the operations for removal of the glands, as 
we find the narcosis produced by nembutal equally satisfactory and 
much safer. 
| 2  SUPRARENAL  CORTEX.  II 
We describe in this paper the effects of acute suprarenal insufficiency 
upon the respiratory metabolism and upon the circulation and concen- 
tration of the blood of bilaterally suprarenalectomized adult male dogs. 
Respiratory  Metabolism  and  the  Respiratory  Quotient  in  Suprarenal 
Insuficlency 
The collections of gas samples  for analyses of the expired air for respiratory 
metabolism studies and experiments upon the blood flow were made upon trained, 
TABLE  I 
Basal Oxygen Consumption of Suprarenalectomized Dog Following Withdrawal of 
Injections of Cortical Extract 
Dog F-2-1, brown male terrier.  Feb.  2,  1932, right suprarenalectomy.  Feb. 
29,  1932,  left  suprarenalectomy.  Received  injections  of cortical  extract  twice 
daily until Apr.  16.  None given thereafter. 
Date 
1932  kg.  °F. 
Apr. 15  7.4 101.6 
Apr. 18  7.3 I00.6 
Apr. 20  7. C  99.7 
Apr. 21  6.~  96.0 
8 
64 
112 
68 
38 
8  o 
liters  co.  *C. 
18  1.4949.50.73 26.0 
14  1.4449.50.7225.5 
20  1.6440.00.6925.2 
18  2.0139.0 ).7026.0 
Comments 
Extract injections stopped  Apr 
16 
Without  extract  injections  4~ 
hrs. 
Spastic  gait.  No food for 4t 
hrs.  Non-protein  nitrogel 
80 rag. per 100 cc. 
Too deeply in relapse  to be re 
rived.  Non-protein  nitro 
gem  155  rag.  per  I00  cc 
Died 3 hrs. later 
fasting animals lying at rest, in a  warm quiet darkened room for 1 hour prior to 
the determinations.  We have considered the simplest and best criterion that the 
animal is in a basal resting condition to be the pulse rate, which, except in insuffi- 
ciency, is rarely over 70 per minute.  During severe insufficiency the animal at 
rest will sometimes have a pulse rate of double or treble that of the intact or ex- 
tract-treated  suprarenalectomized  animal.  During  the  most  extreme  phases, 
changes in rhythm occur, so that idioventricular rhythm may lower the pulse to HA.RROP~ WEI_NSTEIN~ SOF~'ER~ AND  TRESCHER 
40 (Table I).  The gas mask used was devised by Dr.  H.  F.  Pierce  (2).  It is 
readily constructed and may be worn by the animal for periods of 2 hours or more 
without restlessness.  It fits the muzzle snugly with a  minimum of dead space. 
A set of these masks was made from various sizes of motorcycle or automobile 
inner  tubing.  The mask  and  respiratory  valve  (Lov~n)  were adjusted  on  the 
animal before the rest period was begun.  15 to 20 minute collections of the ex- 
TABLE  II 
Basal Oxygen Consumption of Suprarenalectomized Dog Following Withdrawal of 
Injections of Cortical Extract 
Dog P-2, male, mongrel terrier.  Suprarenalectomized during Feb.,  1931. 
ll k  I°1 °  "1  ° 
II  III  I  I'"1 
1931  kg.  °F.  liler~  co.  lOPOercc 
Apr.  7  [11.0Ji00. S]  761  12  I 2.6  S6. 11 0.731  56  I Normal and active 
/  [  ]  Extract injections stopped Apr. 11 
Apr. 13  /10.61101.4[  72[ 1212.82[  55.3[  0.73[  84  [ Most of food refused 
Apr. 14  110.51100.0i 106[ 13  [ 3.351 50.6[  0.73[  140 ] No food,.  Swaying gait 
Apr. 15  110.01 98.4/  108[ 12  13. 121 Lost lLostl  170  I Swaying.  Vomiting 
Large amounts of extract with intraperitoneal  5 per cent glucose 150 cc.  No saline given 
Apr. 16  I 9.7[ 97.8[  106[ 12  I 2.91[  48.51 0.69[ 200  [ Drinks water and voids 
Large amounts of extract with intraperitoneal  5 per cent glucose 150 cc.  No saline given 
Apr. 17  [9.7[ 99.2[  10S[ 12  [ 2.681 47.8[  0.691 170  [ Diuresis 500 cc. 
During the next 4  days extract and glucose given in large  amounts.  No food eaten 
Apr. 20  8.8 
Apr. 21  8.6  98.4  12  2.82  43.7  0.73  204  Severeinsutticiency 
Died during the night of Apr. 21-'~2 
pired air were always made, in duplicate, often in  triplicate,  one  period  imme- 
diately following the other, after basal conditions were secured.  It is important, 
as a  precaution, to make sure that the bladder has been recently emptied before 
commencing the rest period.  Certain animals could not be trained, without un- 
usual difficulty, and these were discarded when a training period of a week proved 
insufficient.  The collections were made with the usual precautions into 50 liter 
Douglas bags, a  mixed sample was taken over mercury for gas analysis, aad the 
total gas volume was then measured through a calibrated 3 liter wet meter.  While 4  SLrPRARENAL  CORTEX.  II 
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most of the g~ analyses were made by one of us (G. A.H.)  the gas collections and 
analyses were made for several experiments by Dr. Edward M. Bridge and Miss 
E. M. Bridges, whose assistance is acknowledged. 
The essential findings indicated in typical experiments in Tables I- 
III are: (1) the cortical extract even in large amounts, adrenalin-free, 
has no immediate influence on the oxygen consumption of the normal 
resting  dog;  (2)  the  basal  oxygen  consumption  is  not  changed  by 
removal of one gland,  or by removal of both, if adequate amounts of 
cortical  extract  are  supplied  so  that  the  body weight  and  state  of 
nutrition  are  maintained;  (3) when insufficiency is  produced  in  the 
bilaterally suprarenalectomized dog by withdrawal of injections of the 
extract, a drop in the  basal oxygen consumption occurs to  20-25  per 
cent below the original level when the animal shows severe symptoms. 
The lowering of the basal metabolism occurs only after a considerable 
interval  following the withdrawal of extract, and is more or less coin- 
cidental with the fall in temperature.  The changes in the respiratory 
quotient are not large, and such lowering as occurs is probably due to 
the anorexia  and fasting characteristic of severe insufficiency.  All of 
the animals have been on a meat (fat-protein) diet during the period of 
experimentation,  unless  otherwise  noted.  The  respiratory  volume 
frequently, but not invariably,  rises during the stage of insufficiency. 
There is generally a well marked lowering of the plasma  bicarbonate 
content.  The  basal oxygen consumption in Dog F-2-9, while it was 
receiving adequate amounts of extract,  dropped about 20 per cent in 
the  course  of  8  months  (Table  III).  At  the same  time  the  body 
weight dropped  12-15  per cent although the animal  appeared in ex- 
cellent  condition  and  in  a  good nutritional  state.  We have previ- 
ously described  the  absence of hyperplasia  in the thyroid glands  of 
these  animals,  which  are maintained without  suprarenal  glands over 
long periods, as well as the frequent  calcification of the colloid which 
is seen on histological section. 
Blood Flow 
Determinations of the circulatory minute volume were made by the Fick (3) 
method on animals trained for respiratory metabolism studies.  After the oxygen 
consumption was determined under basal conditions as outlined above, samples of 
mixed venous and arterial blood were immediately obtained, and analyzed in the HARROP; WEINSTEIN,  SOI~FER~  AND TRESCHER 
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Van Slyke constant volume blood gas apparatus, the collections being made and 
the procedure carried out essentially as described by Barcroft (4), and later adapted 
to dogs by Marshall (5).  Oxygen capacity was determined from oxygen content 
after aeration of a  portion of the arterial blood in the blood gas pipette in the 
usual manner (Sendroy (6)).  A typical experiment is shown in Table VI. 
TABLE  V 
Urinary  Volume  and  Chloride  Excretion  of  Suprarenalectomized  Dog Following 
Withdrawal of Injections of Cortical Extract 
Dog 1-3, male collie.  Nov. 21, 1930, right suprarenalectomy.  Feb. 2, 1931, left 
suprarenalectomy (Dr.  Widenhorn). 
Date 
1931 
May  3-7 
May  7-8 
May  8-9 
May  9-11 
May 11-13 
May 13-15 
May 15-18 
days 
4 
1 
1 
2 
2 
2 
3 
l i 
,  .o 
o 
per  kg.  lO0 
15.4  36 
42 
15.6  56 
15.5  52 
15.4  66 
14.7 
15.1 
14.7 
od  I ~  .~ 
gen  ~ 
.a~  '~ 
~>  ~  ~  Comments 
•  )  0 
~g.  I--- 
per  =  voI. 
100  I cc.  gin.  pe* 
¢ e~J 
co. 
17  232  1.4  Extract  20. 
176  1.3  Extract  20. 
22  195  2.5  No extract 
33  208  3.2  No extract  21.1 
32  1318 2.6l  No extract 
45  248f  1.1  No extract 
14C  94  280  0.7  Extract  24.  Severe  insufficiency. 
Low  blood  pressure. 
No food for 48 hrs. 
May 18-19  1  122  68  320  0.5  Extract 
May 19-21  2  41  20  767 / 0.6  Extract 
May21-25  4  14.51  34  11  490l 1.2  Extract  20.  Complete recovery 
No diminution zn urinary output even with maximal blood nitrogen concentration and 
hemoglobin concentration.  Increased excretion of chlorides  following extract withdrawal 
later falling when  body stores were  depleted.  Nitrogen and urea excretion shown  on 
Chart 1, I..Exp. Med., 1933, 57, 312. 
Experiments  on the circulatory minute volume confirm the assump- 
tion made in our previous paper that a marked drop in the cardiac out- 
put and in the output per beat occurs in severe suprarenal insufficiency. 
They  show  also the  unsaturation  of the  venous blood as well as the 
increased  arterial  oxygen  content,  due  to  the  increased  hemoglobin 
concentration.  These factors combine to produce  an  increased  arte- HARROP~  VCEINSTEIN,  SO~'FER,  AND  TRESCHER  9 
rim and venous oxygen difference.  The percentage oxygen saturation 
of the arterial blood is normal throughout.  The increased pulse rate 
in these animals,  which usually appears  as insufficiency becomes se- 
vere, does not result, therefore, in an increased cardiac output, but  in 
a  greatly  diminished  output  per  beat.  These  experiments indicate 
dearly  the  disorganization  and  failure of  the  circulation  which  de- 
velops during the progress of the insufficiency. 
TABLE  VI 
Circulatory  Minute  Volume  in Suprarenalectomized Dog  Following Withdrawal  of 
Injections of Cortical Extract 
Dog F-7-0, Dec. 13, 1932, right suprarenalectomy.  Dec. 22, 1932, left supra- 
renalectomy.  Received injections of cortical extract twice daily.  Room tem- 
perature maintained at 24°C. 
Date 
kg.  *F.  1933 
Jan. 23  9.1  I100. 
Jan. 27  8.7  tl00. 
"~d  ~  .2~°  .,a*=  ,  ~  Blood oxygen  analyses 
I  "~  ~  ~  .-~  ~  ~.  ~  ~  ~  o~ 
i  °  " 
.  0  oo 
tlter~  ]  co.  i liters  ~ot.centpe,  Ii~°t'cent  p~  voW.ten  ~  ~ot.centPer 
6~  18  1.21  i49.2  0.69  0.83  20.4;  19.;  14.  5.0 
Extract injections stopped Jan. 24  [ 
76  [  18  ] 1.23  [ 52.0[0.73  10.64  I 22.7i  22..  14.  8.1 
In severe insufficiency Jan. 30.  No food for 24 hrs.  Spastic gait.  Non-protein nitrogen 
Jan. 30  7.8  96.  118  20  [ 1.18  140.31 0.68  0.38  25.  25.0  14.1 10.9 
Revived at once with injections of extract,  intraperitoneal  saline,  and glucose.  In 
101.0  I 23.3  22.5  9 
excellent condition again on  Feb.  13  I 
Feb. 13  8.7  70  [  17  [1.24  150.9] 07t  1 0.66  I  15.  6.6 
Blood Pressure 
The blood pressure during the various phases  of suprarenal insufficiency was 
determined by means of a rectangular rubber cuff, measuring 5 by 15 cm., wrapped 
about the upper part of the thigh and attached to a mercury manometer.  The 
rubber cuff was bound together with adjustable tapes, so that the differences in 
the diameter of the leg could be compensated for exactly, and the cuff could be 
closely applied and kept firmly in position.  This method permits of repeated 
studies without pain or disturbance, and is satisfactory in larger animals with 
narrow thin extremities.  The sound made by the pulse wave as it breaks through 10  SUPRARENAL  CORTEX.  II 
at the systolic level is readily heard through a stethoscope, provided with a small 
bell, which is placed over the artery as it emerges below the cuff. 
Blood pressure changes in the resting animal occur only after injec- 
tions of extract have been stopped for some time, and are  usually 
coincidental with the appearance of the other evidences of circulatory 
failure (Table VII) when concentration of the blood is well advanced. 
TABLE  VII 
Changes in Blood Pressure i~ the Suprarenalectomized Dog during  the  Course of 
Insugficieney Produced by Withdrawal of Injections  of Extract 
Dog 8-4,  spotted white  collie.  Jan.  26,  1932,  right  suprarenalectomy.  Feb. 
2,  1932,  left suprarenalectomy. 
Date 
1933 
Feb.  8 
Feb. 10 
Feb. 14 
Feb. 18 
Feb. 20 
Feb. 21 a.m. 
p.m. 
Feb. 22 
Feb. 23 
Mar. 8 
Tem° 
~eight  pera- 
turc 
(rectal) 
kg.  *F. 
9.9  101.6 I 
9.8 
0.0  I 
9.5  100.01 
9.2  100.4i 
9.0  100.13 
8.9  98.13 
8.7  100.7 
8.5  100.6 
9.6  102.0 
Blood 
pressure 
mm. 
120/70 
130/70 
135/75 
130/85 
106/60 
55/10 
136/80 
130/80 
13o/8o 
capaclty nitroge...,  n 
17. 1  34 
50 
18.2  90 
96 
20.4  08 
16.9  40 
Comments 
Condition excellent 
Extract injections stopped 
4th day without extract.  Ac- 
tive, eating well 
Very ill.  Weak.  Vomited 
Severe  insutficiency.  Can 
rise with difficulty.  Given 
large  amounts  of  extract 
and intravenous and intra- 
peritoneal salt solution 
Greatly  improved.  Can walk 
without stagger 
Improved further 
Condition excellent 
Blood Concentration 
Studies of erythrocyte counts in systemic and peripheral blood, of packed red 
cell volume, and of blood oxygen capacity were made in samples of blood with- 
drawn by femoral artery puncture,  which were prevented from clotting by the 
use of purified heparin.  1  Studies were made, daily, during the period foUowing 
i The heparin was repurified according to the method of Dr. W. H. Howell from 
material obtained from Hynson, Westcott, and  Dunning,  Baltimore.  In 2 per HARROP~  WEINSTEIN,  SO~FFER~  AND  TRESCHER  11 
TABLE  VIII 
Hemoconcentration  Following  Extract  Withdrawal from  Suprarenalectomiz~d  Dogs 
(Femoral Artery  Blood) 
.~  ~  ~  "~ ~  o 
Date  ~  ~u~  ~'~  ~  ~  L3~  ~  ~d  "~  '~  ~'~¢~  ~  Comments 
Dog 64, male 
1P32 
Mar.  8 
Mar.  9 
Mar. 10 
Mar. 11 
Mar. 12 
Mar. 13 
Mar. 14 
Mar. 15 
]*ol. peJ 
kg  cent 
7.2  10.~ 
7.2  10.8 
7.1  11.C 
11.~ 
7.1  14.4 
7.0  14.5 
6.8  15.4 
6.6  16.5 
cent 
!6..  c 
17..  ~ 
:8..~ 
19. 
;6..~ 
;8..: 
17.( 
:1.( 
per  ] rail- 
cent  i lions 
T2. i i4.24 
tO.(  4.42 
tO.(  3.60 
~8.~ 3.84 
il.~  5.07 
i0.(  5.42 
il.(  5.50 
;7..' 6.09! 
mg. 
per  per 
I00  cent 
CO. 
3z.  k 4: 
4( 
4( 
4~ 
5.  ~ 
84 
11( 
184  r  I; 
~9/51 
t3/57 
Taken off  extract a.m.,  Mar.  8 
Food intake diminished, but dog 
is active 
Food intake 50 gm. 
Temperature  99.8  ° .  Vomited. 
Very quiet 
Temperature 97  ° .  Marked stag- 
ger  gait  and  weakness,  deep 
insufficiency.  Peripheral  red 
blood cells  6.17  millions 
Dog 80, male 
1932 
Mar.  6 
Mar.  7 
Mar.  8 
Mar.  9 
Mar. 10 
Mar. 11 
~ol. Per] per 
kg.  cent  cent 
7.613.7  33.1 
7.5 14.0~  31.0] 
7.314.4  35.0 
7.115.6  37. C 
7.014.9  35.2 
6.816.4  39.(3 
per  rail- 
cent  lions 
~5.4  k70 
i7.5  k92 
~4.0  k84 
~2.0  ;.63 
~3.8 i.70 
~).5  k96 
mg. 
per 
1oo 
co. 
42 
52 
50 
8o! 
901 
144] 
~ef 
gem 
;.81 49/$1 
i.25 49/51 
i 
i.9049/51 
Taken off extract a.m., Mar. 6 
Temperature 99.8  ° .  Food intake 
less  than  50  gm.,  but  dog  is 
active 
Temperature 98.3  ° 
Temperature  98  ° .  Extremely 
quiet, diarrhea, definite insuffi- 
ciency.  Peripheral  red  blood 
cells 5.55  millions 12  SUPRARENAL CORTEX.  II 
withdrawal of extract, and the results were correlated with the coincidental rise in 
blood non-protein nitrogen, plasma protein  concentration,  and the loss in body 
weight (Table VIII). 
The  observations  show  that  hemoconcentration  usually  begins 
within 24 hours after withdrawal of extract, and that the loss of plasma 
volume,  as judged from the volume of packed erythrocytes may be 
from  10-35  per  cent  in  severe insufficiency.  There  is  no  increased 
concentration  of erythrocytes in  the  peripheral  blood  (ear)  as  con- 
trasted with the venous blood, such as has been described in shock due 
to trauma or hemorrhage  (7).  Transudation  of fluid into the tissues 
does not occur, characteristically,  in shock due to suprarenal  insuffi- 
ciency, unless it  takes place when  the  animal  is moribund.  As we 
shall  indicate,  fluid  passes  in  the  opposite  direction,  namely  from 
tissues to capillaries.  An increased erythrocyte concentration  there- 
fore is not to be expected in the peripheral vessels. 
Water and Salt Excretion during Insusficiency 
Data showing the increased excretion of sodium chloride following 
cessation  of  injections  of  extract  in  suprarenalectomized  dogs  are 
presented in Tables IV and V.  They are selected from experiments in 
which  a  carefully measured  food intake  of known  composition  was 
given.  These  data  also indicate  that  the  volume output of urine  is 
well  maintained  following  withdrawal  of  extract,  and  that  anuria 
occurs only during the terminal  circulatory collapse, when the blood 
pressure also falls rapidly. 
DISCUSSION 
The experiments which are described show dearly that the process 
involved in suprarenal  cortical insufficiency, due solely to withdrawal 
of injections  of the  hormone,  is  egsentially  a  condition  of "shock," 
associated  with  progressive  loss of plasma  volume,  lowered general 
metabolism and blood flow, and,  terminally,  lowered body tempera- 
ture  and  blood pressure?  We have  shown previously  (1)  that  it is 
cent solution it is neutral  in reaction, and very effective in preventing clotting. 
It is a highly useful anticoagulant  for chemical studies, and in the purified form 
referred to above can be used in minute amounts. 
The extreme muscular weakness of these animals in insufficiency is in part due 
to the condition of "shock," but, together with the curious characteristic spastic I:IAP,_ROP, WEINSTEIN,  SO~FER,  AND  TRESCH_ER  13 
characteristically accompanied by a  rise in plasma non-protein nitro- 
gen and a fall in chlorides.  The approximate time of the appearance 
of these various phenomena, following the withdrawal of the injections 
of hormone, and the extent of their change from the original condition 
is shown in a  composite chart of a  typical group of six suprarenalec- 
tomized animals  (Chart  1). 
Increases  ~s j  ÷ Ioo -Soo % 
•  ~,,.-~" 2-SVol  g 
__  .  ^_ 
_  ,1,  //_..~_  t  ,'5~#lcoai~.  rr~scular 
"%.-%  ~?.'~... 
"~  -,~-45g 
Ca.~T 1.  Characteristic changes in metabolism, circulation, and  blood con- 
centration  in  a  group of suprarenalectomized animals following withdrawal  of 
extract. 
The condition of "shock," the concentration  of the blood, and the 
circulatory collapse have been noted following removal of the supra- 
renal glands repeatedly, but most observers have been unable to de- 
weaving gait, may also be due to the disturbance of the relative concentrations of 
the basic ions, potassium, magnesium, and sodium, in the tissues and body fluids. 
We expect to report on muscle and other tissue analyses having a bearing on this 
question. 14  SUPRARENAL  CORTEX.  II 
cide how far these are due to the major surgical procedure involved in 
removal of the suprarenal glands, as well as the anesthesia, and how far 
they are due to the loss of the cortex itself.  It is only when the supra- 
renalectomized animal is restored to a normal nutritive condition with 
healed incisions,  and when the sole variable consists in withholding 
the daily injections of the cortical extract, that the changes can be 
ascribed to the withdrawal of extract, and to this alone.  When the 
animal is afterwards restored to its former condition by resumption 
of injection of hormone the cycle is completed. 
The mechanism by which this condition of "shock" and eventual 
death in suprarenal insufficiency  is brought about next attracts atten- 
tion.  Loss of water from the blood plasma may occur in various ways. 
Where increased capillary permeability exists, it may diffuse into the 
extravascular tissues,  a mechanism which has been described in trau- 
matic shock and in the shock produced by the injection of histamine. 
On the other hand it may be lost through the gastrointestinal tract as 
in cholera or by emesis, as in high intestinal obstruction.  Finally the 
loss may occur through the kidneys associated with a loss of electro- 
lytes, a mechanism which in part explains the blood concentration and 
the condition of shock which may occur in diabetic coma, or in certain 
cases of uremia. 
The possibility of loss of plasma water into the tissues by increased 
capillary permeability has been suggested as the explanation of the 
shock of suprarenal insufficiency in a recent preliminary communica- 
tion by Swingle (8).  The theory, at present generally accepted, as to 
the mechanism which maintains the balance of fluid exchange between 
capillaries and extravascular spaces,  relates it to the opposing forces 
of colloid osmotic pressure and capillary blood pressure (or the differ- 
ence between these pressures and  their homologous components in 
the tissues).  The changes in  both of these forces will  act to draw 
fluids  into the capillaries  in suprarenal insufficiency unless the wall 
itself is  damaged.  The  concentration of plasma proteins increases 
during suprarenal insufficiency, as we have indicated above, but with- 
out much change in the albumin-globuli  n ratio.  This should tend to 
increase the colloid osmotic pressure of the plasma and should hold 
fluid  more firmly within the vessels.  At  the  same time the blood 
pressure falls, thus reducing the force which tends to drive fluid out HARROP~ WEINSTEIN,  SOFFER,  AND  TRESCHER  15 
of the blood plasma into the tissue spaces.  The general condition of 
the tissues at autopsy is of interest.  The viscera are dry and the skin 
and subcutaneous tissues are markedly inelastic, as though devoid of 
water.  There is no increase in the erythrocyte count in the peripheral 
tissues over that in the systemic blood.  Hence there is no alteration 
in the distribution of the red blood cells such as is said to occur in 
traumatic shock.  A loss of 10 per cent or more of the body weight 
during the  days  following withdrawal  of extract  is  very  common. 
Vomiting and diarrhea cannot explain this loss of blood volume or of 
body weight, because these symptoms only occur very late in insuffi- 
ciency after the blood concentration has become marked. 
We turn therefore to the remaining alternative, that dehydration, 
following cessation of the injections of  cortical hormone, is due to 
loss  of  water  through  the  urine.  The  amount  of  fluid  excretion 
necessary to produce a concentration of the blood of the extent found 
in suprarenal insufficiency is quite compatible with the urinary vol- 
ume observed.  If we assume the total plasma volume of Dog F-2-9 
to be 500 cc., a reduction of 40 per cent would require an excess excre- 
tion of but 200 cc. in the course of 8-9 days.  Much more than that 
may  actually  occur.  Balanced  experiments  indicate  quite  clearly 
that there is no reduction in  urinary volume in insufficiency until 
within a  few hours of death. 
Hemoconcentration due to loss of fluid from the body produces the 
circulatory  collapse seen  in  suprarenal  insufficiency and  will  ade- 
quately explain the observed train of symptoms: loss of weight, lowered 
body  temperature,  and  the  gastrointestinal  symptoms  including 
anorexia, diarrhea, and vomiting.  It is therefore unnecessary to pos- 
tulate any hypothetical "toxin" which is neutralized in the intact cor- 
tex or by its hormone, as the cause of the symptoms and of death. 
The  "shock"  of  suprarenal  insufficiency has  analogies  with  that 
produced in collapse due to exposure to high temperatures in which 
great loss of salt occurs through the sweat. 
SUMMAP~y 
1.  The basal oxygen consumption, respiratory quotient, blood flow, 
blood pressure, and the changes in concentration of the arterial blood 
were determined in suprarenalectomized dogs (a)  when receiving in- 16  SUPRARENAL CORTEX.  II 
jections of cortical extract  (Swingle-Pfiffner), (b)  during suprarenal 
insufficiency induced by withdrawal of the injections, and (c) during 
the period of recovery brought about  by resumption of extract in- 
jections. 
2.  Reasons are advanced for the view that the hemoconcentration 
which occurs is  probably due to  loss of fluid through the kidneys, 
rather  than  by  increased  capillary  permeability  and  loss  into  the 
tissues, or by loss through the gastrointestinal tract. 
3.  The loss of fluid from the plasma and tissues will explain  the 
symptoms which follow withdrawal of injections of the hormone, as 
well as the fatal outcome.  The assumption that the suprarenal cor- 
tex or its hormone has  a  detoxifying action upon  some product of 
metabolism is thus rendered unnecessary. 
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